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Differential distributions in the 7ro7ro7 system created in the annihilation channel of an electron- 
positron collision are considered. The energy fractions of the pions (Dalitz-plot) distribution are 
presented in a general form and in approximation of intermediate vector mesons (excited and ordi- 
nary ones). It is pointed out that in relevant experiments the generalized polarizabihty of the neutral 
pion can be measured. Numerical illustrations are presented. 



I. INTRODUCTION 



I In a recent paper [ij the process of creation of t:^u) in annihilation of an electron-positron pair was considered in 
. the framework of the Nambu-Jona-Lazinio model. The result obtained turns out to be in very satisfactory agreement 
I— i" with theoretical estimations based on vector meson dominance and experimental measurement of this process with 
i-C , subsequent decay of the w meson to ttq^ In this experiment, the dependence of the total cross section on the total 
energy of initial electron and positron in the center of mass reference frame was measured. 
^ ^. It is the motivation of this paper to pay attention to the differential distributions in momenta of final particles since 
D ' they carry information on the properties of the neutral pion such as polarizability. 
i-C [ In this paper, the process of annihilation of e~e^ — > 7* — >■ tt'^tt'^j is considered. It can be obtained from the process 
e~e+ — TT^oj, if — n^j. Hence, we can use the results of 
Measuring of the process 

e+ {p+) + e- (p-) j{q) no{qi) + Mq2) + -/{k) (1) 

, provides a possibility to investigate the crossing process to the Compton scattering on neutral pion in the case when 

■ initial photon is of mass shell. Also, the role of excited vector mesons and the generalized polarizabilities of neutral 
' pion can be studied. To article, this process can be useful for research Compton effect. 

■ The dependence of the total cross section on the total energy of the initial electron and positron in the center of 
mass reference frame first was measured in 

This process allows us to describe the process where e^e+ — > 7r*'7r°7, when u — > tt'-''^. 



II. INVARIANT STRUCTURE OF THE PROCESS OF e e+ ^ tv"tt"j 

In paper [sj, the matrix element and the differential cross section was obtained in terms of irreducible tensor 
structures: 

M = StttoV^- J^e'^[aiLW + a2L'-^} + as^lfj], (2) 
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ai,a2, and define the properties of polarizability neutral pions, where = t;(p-)_)7^u(p_) is the electromagnetic 
current, 

L^^u = {Qq){q^9tJ,u - qtj,qv) + Qu{kqq^, - q^k^), 
Q=\[qi- 92), ql = ql = m\ k^ = 0, q^ = s = AE\ (3) 

m is the pion mass, E is the energy of electron (positron), and 2E is the total energy in the center of mass reference 
frame. The tensors h'fil obey the gauge conditions 

LWg^=0; = 0, * = 1,2,3. (4) 

The coefficients are some functions of energy fractions of pions xi,2 — 2qiq/ s. Moreover, due to Bose statistics they 
obey the symmetry conditions 

ai(xi,X2) = ai{x2,Xi),a2{xi,X2) = a2{x2,xi),as,{xi,X2) = -a3{x2,xi). (5) 

The parameter oi coincide in static limit q^ — with neutral pion electric polarizability ai = m'^ao, \ao\ « 6.6 x 
10~^^cm^ [4j, The parameters 02,03 are some dynamic characteristics of the neutral pion. For the differential cross 
section it was obtained (in 3°] factor 1/16 in the right-hand side of equation was lost): 

'^'^ = w^ ^a^2^^ G^ — ? — —Hp++p-~qi~q2~k), (6) 



with 



2! 167r2m4 Ei E2 w 
G = cii|aip + C22|a2p + caalasP + 2cx2Re{a\o*r^ + 2cxzRe{aY0L*^ + 2c32i?e[a3a2], 



a\ — TO fli; Q!2 = rrfa2, a3 — m a^, (7) 



and 



c,,^^{2u^-k^); 

C22 - -^I^i^^^Qt + 2ujQoQ^kQ - (w2q2 _^ 4^2g2)^2 _ q2q2^2] 

C33 = A[8^'Qo - Q'fc' + "^EQokQ]; 
ci2 = 1^\~^^Q^ + 2Qo(^ - E)kQ - qlP + AEloQI]; 

ci3 = —^[^E^uQg + 2EL^kQ - 2EQoP]; 
C23 = iJ77j[16£^'Qo + 2S(c^Q2 ^ 2EQl)kQ - AE^QoloQ^ - 2^QoQ'fc']. (8) 

Here gi_2, ^ = ^(91 + 92) are the two-dimensional vectors in the plane x, y transversal to the beam axis z direction 

1 1 - 

= - -s(l - x), Qo = jixi - X2)y/s; k'^ kl + k^; 

= \[iqix - qicc f + (qiy - q2yf]; kQ^^[qi-qf]. (9) 

Below, we will concentrate our attention on the Daliz plot distribution over the energy fraction of pions. 
The main mechanism of reaction includes two intermediate vector meson states V = p,i-o: 

7* — !■ jO — !■ CJTT, UJ — > 77r°, 

7* -> w pTT, p -> 77r°. (10) 
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The contribution of other possible channels is negligible [5| 

Tp^ee X Bu:^^^ = 7KeV X 9 X 10"^ >> r^^ee X Bp^^^ ^ O.SKcV X 6 X 10"^. (11) 

We do not consider intermediate states with cr(600) scalar meson as well as an intermediate state with box- type quark 
loops. Almost complete cancelation of the relevant contributions, which takes place due to current algebra arguments 
commuting with the neutral current operators, was shown in |6|]. 

We also remind that the emission of real photon by the initial leptons is strictly forbidden. 



III. AMPLITUDE OF THE PROCESS OF e-e+ 7* ^ p(p') ^ tv^lu -K°Tr°'Y 
Using [H we can derive the amplitude 



where (7p « 6 is the p meson decay constant, Mp, andFp are the mass and width of the p- meson and 

where we use the notation (abed) = Cafija-a^b^c'd'^ ■ The quantities Vqi,Vki take into account the deviation of the 
vertex yPj^'f^^f'^'^P''^')^ from its point-like approximation gpunifJ-i^QP)] Spun ~ 16{GeV)~^ will be given in Appendix A. 



IV. DALITZ-PLOT DISTRIBUTION 



Applying the invariant integration method 

J M^iM^fdV = - M^i) j iMApdr, (14) 

and using the expression for element of phase volume of the final state 
,^ d^qi d?'q2 (fk 1 ^.4, stt^ 

'^^ ^ 2^ (2^'^ +P- - 'Zi - 92 - fc) = j^^dxM[{l - - ^2)(^i + X2 - 1) - 

(toVs)(4(1 - a:i)(l - X2) + (xi - 2:2)')], (15) 

we obtain for the Dalitz-plot distribution 

da 

= F(xi, a;2, s); 



aodxidx2 



p( \ (l-a;i)^(a:-2(l-a;2)) ,^^ ,2 , (1 - :g2)'(x - 2(1 - xQ) ^ 

^(^^'"^'^)= (l-xi-MpV.)2 ^^"^^'^'^ + (1 - .2 - MpV.)2 ^^"^^'^^^ + 

^ (l-a:i)(l-X2)(-l + .T^ +3:1x2) ,, 

jTfJTTTi , ,r2 / \ ^qi yq2 Vki, 



"-WSJ- 



The function F(a:i,X2) is presented in Fig. [T] Since the set of tensors is complete, we can present tensor T^,^ in 
the form 

T = cii:« + C2i:(^) + C3i:(3),c. = ^, 

A = det||L(') X (17) 



Fig. 1; Function F{xi,X2) (see (16)) dependence of xi,X2. 



All the necessary convolutions needed to calculate Ci are given in Appendix B. The numerical calculation for c,;(a;i, X2) is 
presented in Tables II-IY, with p meson exchange in intermediate state. In Tables YI-YIII, we present the contribution 
of p' meson to this quantities. 

For completeness we put the Dalitz-plot distribution in terms of the bilinear combinations of Cj 

= ■;TFT"[I"i 1^-^11 + I"2pi22 + |a3pi33 + 2Re{aia2Li2 + aia^Lis + a3Q;2L32)], (18) 



dxidx2 2! 3s 
with the quantities Lij given in Appendix B 



V. TOTAL CROSS SECTION 



For the energy region SOOMeV < yfs < IGeV the main contribution arises from intermediate states with the p, w 
mesons. The total cross section 

1 

o-tot{s) = aois) J dx2 I F{xi,X2,s)dxi (19) 
1- 
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Fig. 2; Value /(s) (defined in (16)) as a function of s. 

is presented in Fig. 4 where the experimental data Q are presented as well. Neglecting in this region the contributions 
of general polarizabilities related with 02, 03 we can approximate the total cross section in the form 

a 



(^tot{s) 



12AP 

l-(4m^/s) 



(aoM'\/i)'/(s), 



/(.) = 




s(l - x) 



dx. 



(20) 



(21) 



The electrical value of the neutral pion polarizability is estimated as 

|ao| « 0,5 X IQ-^^crit', 

which is in reasonable agreement with that obtained in paper of one of us (MKV) ao ~ —065 x 10^'^^ cm^ 

The function J(s) is presented in Fig. O The main contribution in the energy range IGeV < \/s < 2GeV arises 
from a transition of the virtual photon to the ordinary p and excited p' mesons 



with the C-relative phase factor. 



C- 



(22) 



VI. DISSCUSION AND CONCLUSION 

The process e~e"'" — >■ tt^tt^'^ was experimentally studied, and the total cross section was measured in 

In this paper, we obtained the differential cross section and, in particular, the Dalitz-plot distribution. The matrix 

element can be expressed in terms of generalized polarizabilities of the neutral pion. Some information on their values 

can be extracted from the distributions obtained. 

In Tables I-IY, the energy range y/s — 800 MeV, where the p-meson exchange dominates. In Tables Y-YIII, 

the energy was \/sl.45 GeV, where the p'- exchange dominates. In both the cases the interference of the p and p' 

exchanges was shown to be negligible. 
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Tab. I: The function of F{xi,X2) (see (16)), with p meson exchange in intermediate state 
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Tab. II: The function of Ci{xi,X2) (see (17)) 
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Tab. Ill: The function of Ci(x^,xi) (see (17)) 
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Tab. IV: The function of C3{xi,X2) (see (17)) 
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Tab. V: The function of F(a;i,a;2) (see (16)), with p' meson exchange in intermediate state 
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Tab. VI: The function of C^{xx,xi) (see (17)) 
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Tab. VII: The function of C2{xi,X2) (see (17)) 
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Tab. VIII: The function of C3{xi,X2) (see (17)) 



VII. APPENDIX A 



Deviation from the point approximation for the couphng constant Qp^j-jt is due to the three-angle loop Feynman 
integral 

, , , 47r27V, f ct^k Sp 
I/xuiq, qij 



(27r)4 J iTT^ (A;2 _ M^)iik + qif - M^){{k + qi ~ - Af2) ' 

Sp = -Spik + M)^^{k + qi+ M)^p,{k + qi-q + M)75, (23) 

with M-constituent quark mass M « 2%QMeV. The standard procedure of joining the denominators performing the 
loop momentum integration leads to 

Inu{q,qi) = gpu,7z{lJ'Vq{q - qi))/glVq^i,9p ~ 6, (24) 

with 

gjNc 16 

^""^ " 8^ ~ GeV' ^^^^ 



and 



' - q^X2X3 - qfxiX2 - [q - qiyxiX3 
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Note that in the hmit of a heavy quark mass we obtain Vg^i = 1. In the approximation of zero pion mass we have for 
quantities used above 



2M2 fdz^ .1- z{l- z)s{l-xi)/A'P 



sxi J z ' 1- z{l- z)s/M^ " 



1 

Vk2 = - , / -ln\l-z{l-z)s{l-x,)/M% (27) 

s{l-xi)J z 





The remaining quantities Vq2, Vki can be obtained from these expressions by the replacement xi x^- To provide 
the QCD principle of quark confinement, we neglect the possible imaginary parts of the three-angle amplitude. 



VIII. APPENDIX B 



The convolutions of the tensors i'*^ x L^-*' are (indices suppressed): 

2 

L21 = ^i(') X = [8x^x1X2 + (xi - X2?]; 

L33 = ^i^') X = + x){x, - x^f + x^x]; 
lb 



= ^L^^^ X i(^) = h-x^x + {x, - x^n 
s-' 16 

Li3 = X = L(a;i - X2); 

L23 = ^i(')xL(3) = ^(^^_^^)3. (28) 



The conversion of the tensors L^'^ with the tensor T are 



X T = ^gp^,[-^^^^^|H_y^,y^2 + (a;, ^ 3^2)]; 
^ ^5pu;^[ 1 - (MVs) -^i^^k2 + {xi o 0:2)]; 

t(3) rr. Ax - X2){Xl - X2) - X2X 

L(3) X T = -5pc.x[^ 1 - (M^/s) ~ ^ 



(29) 
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